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(54) COMPOSITION FOR FORMING FILM, FORMATION OF FILM AND LOW- DENSITY FILM 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a composition for forming a film which is curable at <450° C, provides a film 
having proper uniform thickness, dielectric constant characteristics, water absorption characteristics, excellent 
CMP resistance and a small void size, useful as interlayer dielectrics in a semiconductor element. 
SOLUTION: This composition for forming a film comprises (A) a compound of the formula, R2R3Si(OR1)2, a 
compound of the formula, R2Si(OR1)3 and/or a compound of the formula, Si(OR)4 and a compound of the formula, 
R2sR(R1 0)3-sSi(OR1)3-tR2t (R1 to R3 are each the same or different and a monofunctional organic group; R is a 
bifunctional organic group: and (s) and (t) are each an integer of 0-1), its hydroiyzate and/or its condensate, (B) a 
(meth)a cry late polymer and (C) at least one solvent selected from the group consisting of an alcohol-based 
solvent, a ketone-based solvent, an amide-based solvent and an ester-based solvent. 
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*u\, (B) (^) r^yu-^i^ 
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XtmbX (A) f£#£-ftWb£ii\ *^T-±I2 

(B) ^w^^^^±o^^nm^^mit^ 
a*\ oiimmzfmmmzmmtmfth, (B) a 

[0 0 0 6] 

[^©^cDff^i #gm& wmm- 

'Jv-fcl/t, (A) Cfb£^ (1) - (3) , c 

ifc^JLfl^^l-*****^^ (B) 

(A) - (B) tifoCOmitls 



X (C) ^S£%fflt^o fr<T, (A) - (C) fifcfl* 
U *LT\ AOSMCck!), (B) (**)T*V\s-h 

m-sti&^v (c) «%cdr»£^ (a) j^^)^m 

^^ff^a^> (A) fiS###7**£&ttE*i«» 
WBI««SH-*ki:*k:, (B) 7^Vi/- 

xm^\*^m®mm$rc$>*>, mmmim<, c 
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^?X */*3-)\r-y— t er t— -JY^ri/i/^y, V 

Dtf^y'y'^X Sfcc^Vl — ^-iso-7D^y^ 
5X i/xf ;k-^-n-7 h ^ ->->7 — 
>>-sec-7h^^X >Vxf;^-tert 

^^>7>, i?— n— ^nE;ir-y— n— 7*n#3rS/ 
$/5 X ^-n-rn s o-7d^^>$/ 

5X >?— n— 7'Dfc:;i^^— n— ^r^S^X ^ 
— n — y"o ¥)l — y>- s e c — ^ r X i/—n 

—7U \l)\r~V—t ert —7" b 3rX> 5 X y>— n— 

;i/y^ b^y^X ^-iso-rn^yxh^ 
>>7 X ^— T s 6-7^Dt;i^^n--rt3^^ 

7>, S O-ZD^Ir-y-i S O-rD^^i/ 

i/ 5 X V— i s o — 7"d fcTA — y?— n — 7" h^>v-? 
X i?-iso— — ^-sec-7F^7 
X ^-iso- TDtr;i^-^— ter t— 
^x ^-iso-7Dt:;i — v— 7:ny^X>^X 

n— F^->7X v— n— 
b*y">^X ^-n-WKy-n-rD^'>^ 
^ X j;— n— :7^;i> — v — i s o— t'd tK^t ^> ^ 
X ^-n"7f^-n-7F^i/i>7>^ V— n 
— ^;i^-v~s e c— r b *>->^ X £?— n— 7^ 
;p— y?— t e r t-7h^-yy7 X V— n— 
y^7i/^>y7X v 5 — s e c— b^r*> 
Sy^X i/-sec-7^xh^>->7X ^— s 
e c-W^-n-rD^y^7 X v~s e c 
— y^;u — ^-iso-7D^>>^7X S/— sec 
— — i> — n — 7" h^yy7 X v — s e c — y 7 ^ 
; ^_ sec -7h^>y7X ^-sec-W 
^„ ter t-7h^y7>, i^-sec-7^t/ 
-i/-7i/^yy7X v— t e r t—y^-fri/* b 
^>isy X V— t e r t— y^l/y^x b^>y^ X 

ert— T^l^-i/— n— rotf^y^X 5> 
—ter t— r^U— i s o-7o^yy7 X 
>?— t e r t— 73-)\s-^J— n— 7 h^/>7X 
t e r t-WH^-s e c-7h*y^7X V— 
t e r t-7f/l^y-t e r t-7F^yy7>, V 
-tert-7^ — =*-y^>7X y7i^ 
;i/^f^>^7X y7x-;Ky-xh^ryy7 
X y7xXjl — v — n — yuft^i/is? >s y"7i^ 
jk-«;-iso-7D^'>y7X y'7ixA — >>— 
n^^yy^y, y7xz;Hy-sec-7h^r 
*>>5X •>'7ax;i^y'-t e r t-7*h^yy7 
X i;7x^;i/^7xy^ri/i/7>*^ s ^^tiSo 
[0 0 11]^^ (2) T-^^ib^I^ 



#0Si:l/tB\ ^f;^'J^h^»7X ^;i/bU 

xb^ri'v'^X ^;Ub U— n— 7D^yy7^ 
^fil/bU-iso-rD^^X ;*7^H>bU— 
n-7*F^i/7>, *t^I/H;— sec— 
7X ^WUhV— t er t— 7h^>'>7X 
fij7i7^yy7>, x^l/blMb^^X x 
Wl/H/xr^S^X x^;i>b U— n— rn**}/ 
>>7X x^UbU— is o— rDTK^fi/i/^X x^- 
;i/ b ! J — n — 7 b ^-isi/y X x^h'J-sec-7 
h^yy7>, x^F'Mert-7h^»7 
X x^h«j7xy^/S/7>, n— 7D^l/h 
h^yy7X n— TDtr^h 'Jxh^yy7X n— 

rDtr;uhV— n— 7D^>y7^ n— rDtr;i/h 

U-iso-7D^yy7>> n— 7d tr;i/ b V— n 
— ^b^Xy^X n— TDt:;i/h»J— sec— 
*X>^X n-7nt:;i/h V-t e r t-7*b^->y7 

— x n-rDWb';7x7^>7X i-7Dt:;i/ - 

bV^b^XV^X i-70t;i/h'Jxh^yy7 

x i— roe;i/b v— n— rn**x>^x i— r 

Dt:;i/h 'J-i so-7n^yy7X i—yu¥jv 
hU-n-rb^^X i— rnir;i/ry— sec 
— :Tb=^X>7X i— rutr;i/hU— t ert— 
^ryy7X i-7*Dt:;i/b'j7x7^^>7X n— 
ttfrh'*)* K'»7^ n-7f;i/h'JxF^i/y 
7X n— y^l/bU— n— TD^i/^X n— r 
^l/b'J-iso-rD^yi/^X n— b»J 
-n-7h^ri/y7>> n-7*f;i/hU-sec-7*h 
**X>5X n-Wl/K»J-t er t-7*b^>->7 
X n-7^h';7x7^»7X 
blMb*y->^X sec-r^h'Jxh^yy 
7X s e c— ttJl^Y 'J-n-ro^y^7 X 
s e c-7*^b 'J-i s o-7D^i/y7X s 
ec- ^/U— b'J— n— 7h^»7X sec-7 
f;HHJ-sec-7^'»7X sec-7f;i/ 
-h'J-tert-7h^7^ sec-7f;H 
HJ^y^y/^X t-7W>'J^h+yy7 

x t-7^b'jxh^7X t— t^i/h;— 

n-rD^yy^X t— >^-;i/b U— i s o— 7d 
^yi/7X t-7f;i/h'J-n-7F*'>y7>, 
t— y^M/bU — sec— ^b^rS/S/^X t— !7>;U 
b 'J— t e r t— T^b^y^X t— 
S*isi/y>, 7xx;^iJ^ F^yy7X 7xxji/ 
h'JxF^»7X 7xx;i/bU-n-7 , D^'>'> 
5X 7 xx;i/ h 'j-i s o-7d^-> 4 >7 X 7^ 
-;i/h'J-n-7f^yy7X 7xx / ii/hiJ-sec 
— ^b^rS/^7X 7xx;i/hiJ-tert-7h^y 
>>^X 7xx;i/hij7x7^ryy7X ftifOffe, tT 
z;^>^h^»7X ez;i/h'Jxf^yy7X 
7— 7^77D^l/h 'Jy« h^>'>7X r~7;yr 
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>>i/7X rf7-n-7'D^i/i/7X r^b^— i 
rh7-sec-7"h^>i>7>, rh7-tert- 

[00 13] \\&® (1) - (3) ©5%, »*b< 
Ji, tY?* h^yy7>^ fh7x|>^7X -r 

^7-n-7D^J/7X fh7-iso-7"D^ 
^>'>7>> b=^>*>7X *«l>HJx 

b**>*>7X Xfi^'J-n-7D^»7;A ^ 
'J-i s o-7Di|?^>j/7>, 7rc-;i/hU^ 
b^v^X 7x-;i/h'Jxh^»7^ ^Wl/ 
2^b*^>^X ^^l^xb^^X y7x 
x;i^X* b=^>:>^X i?7x-^ih^r^>7>t 
Wfc»*b<tt, ^b^ b**^7X T^h^ 

xh^>i/7X ^;i/hU^F^7X ^;i/b 

yxb**X>7X ^^^'>^7X ^^7*- 

[0 0 14] ±IB-Htt* (4) fciSlvC RWU 

-To dT% JtSB-teS; (4) fc#t,vr, 2«D*T*ia 
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X tf* (h'J-sec-/h^>U;i/) ^*x tr 

yr;i/ri*^>y;i/) ^*>3£; 

[0016] i, 2— t:* (by^ b*x>y;i/) x* 

X 1, 2-^ (hiJxf+y^'JJl/) x^X 1, 

2— tr* (by— n— 7*D#^x>y;u) x^x l, 
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-/f*^y^) ^^>* 1— (y— t— ^h^>^ 

M — l— (by— t—rb^S/^y^) 
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[0020] 1, 2— tf* (hy^b*^>y;w ^> 
-ex 1, 2— tr^ (byxb**»y;i/) ^>Hfx 
1, 2— t:^ (by— n— rn^i/>y;i/) ^>-t? 
X 1, 2— (b'J— i— rn#*>>$/y;i/) ^> 
-tfx 1, 2— y±y (by— n— ^b^»y;u) ^> 

•tfX 1, 2— bT^ (by— sec— rb^rfy^y;u) 
^>-ifX 1, 2— tf* (by-t- 7b+yyU;i/) ^ 
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xt?x i, 3-ex ^>Hf 
x i, 3— ex (bu^b^^u^) ^xtfx 
i, 3— ex (bu— n— rn^>^'j;i/) ^xt? 
x l, 3--ex (b g— i"-7"D^vi>u;i/) ^> 

H?X 1, 3-^ (h'J-n-^b^^';^) ^> 
#X 1, 3— ex (h'J-sec-7h^'J;i/) 
^>-tfX 1, 3— ex (b V— t— 7F^ri/'>'j;i/) 

^xt?x i, 4— ex (b^ h*->^ i ;;u) ^xt? 
x i, 4— ex (hV^Y^> l JM ^xtfx 

1, 4— ex n— 7utf*i/isV)l) ^>-tf 

X 1, 4— ex (hU— i— rn^»u;i/) ^> 
«t?X 1, 4— ex (h'J-n-7h^r^>';;i/) ^> 
H?X 1, 4-t7 (h»J-sec-rh^^^'j;i/) 

^>-tfx i, 4— ex (bu— t— rh^r^y^) 

^>*f>££T©ex (bUy^n^X>yVl/) ^Xfcf> 
m; %.¥*m?Z>zt&T'§z>o ztit><D4b-&to (4) 

[0 0 2 1] ±I3fc£^ (4) *T*li, ex (b »; ^ b 
^zs^VJU) ex (hV^Y*isi/ ] ))l>) 

X&#E>ex (bVr^^y'J^) 2 

— ex (b b*^>u;i/) ^*x i, 2— ex 
(hyzch^>>^i;^) 2— ex (h 

ij:p;i/n^x>y;i/) ^> ; 1— b+^y^i/ 
^»;^) — 1— (bu^ h^r^^ i ;;i/) ^^>> 1— 
(>;^h^i/^^;^>u;i/) —1— (b v^b^^y 

l-(h'J7;^^^'j;i/) ^^>; 1— (i^b* 

— 2— (hu^ b^v 1 ;^) ^ 
x 1- (>;xh^wj;i/) -2- (h'ixh 
^x>y;u) (^rjio^pi^;^ 

U;u) —2— (hUr;urr+^^>V;i/) jl*>; 
[0 0 2 2] ex (iy^h^>^^J^>V)U) 

y)\,a*is^)^>VM 1, 2— ex {V* 

h^r^^y'i^x^X 1, 2— ex (S^b* 

^>&if©i, 2— ex 
**>**-ju*sVM 1, 2— ^ (blM b* 

>x>u;i/) ^>-ex 1, 2— ex (b^b^^u 
;u) ^>-tfx 1, 3— ex (mm b*^>';;i/) ^ 
xt?x 1, 3— ex (by^b*^>iW ^>-tf 
> N 1, 4— ex (bu^ b*>vu;u) ^xtfx 
1, 4— ex (b»;^b*^>v;i/) ^xtrx&if^e 
x (bur;i/^^^^v^) ^>*t?> ; 4$ 
tcex (b V;* b*^>';;u) y*x ex (bu^b 

)v) 1, 2— ex (biM b*^>u;i/) ^ 
x 1, 2— ex (b u^b^^'J^) ^>^if© 
1, 2— ex (h'J7w^yS/i;;i/) b 

[0023] ±ib (a) &mmf&tz>i\&® ( 1) ~ 



(4) ftMrtdfe R' o-T-^n 

0. 2 5-3^UD7K^fflV^Ci: 
;W£U<, 0. 3-2. 5&lcDfrZlj[\z.2>z£im 

tc*?£U\. ^ni-37k£>m#o. 2 5~~3^e;i/©®a 
[0024] (a) fm*mm-%ib&®i d) - 

(4) ^tt^^ Ifi^SttSISfctiu &^£{£ffiLT 
fb^i> WW, IK asmg^lfS 

[0 0 2 5] &m*V-h4h&®}tLX&, b 
i;;nb*^ - ^y" (T^^Tir b 7"— b ) X b 
n— x-D***> - ^ey (T-fc^;i/7^ b:>— b) ? 
*X b U— i— rD^Jry -^6^ {T^)VT^zY± 
— b ) >s b 'J-n-7h^y • ^y" 
Hrb±-b)^X hU-sec-rb^ry-^ 

(T-fe^l/T'-fe b^-b) ^X hV-t-7h^ry 
•^Ey* O'-tr^l/T-feb^—b) 5^^>> ^b^ri>* 
ex (T-fe^I/T-b bT^b) y-n-rp^ 
^riy ■ ex (TttfrT-b b±-b) i^— i— 

7-D^^>. ex (y'-lr^l/y'-fe h^— b) ^ 
— n— X"b^ri>- ex (y'-fe^y'-tr b^— b) 
X ^— s e c— • ex (T-fe^r-tr b^— 

b) ^>> y-t-7h^>-^ (T-fe^l/T-feb 
y"-b) bUX (r-fe^l/T-fe 

Y±-Y) f-9>s ^/-n-7D^y« b'JX (7- 
-fe^l/y'-lr b^— b) ^X ^ ^-i-rD^y • 

bux (^-b^r-feb^-b) ^ey— n— x* 

b^^>- bUX (T-tr^l/y'-feb^-b) -^y 
-sec-7h^>- bUX (7 ? -fe^;i/>'-lr b^— b) 

^ey-t-rh^y- bvx (r-fe^r-feb 

7"-b) y^b^^rX (r-fe^y'-feb^-b) 

b i ;^b^>- j e>' (xwtrb7tf- 

b) h 'i-n-rD^y .^y (ai^r-b 

b/ 7 ^— b) ^X bU— i— ru^y-^y 
(i^L/y'-lr by'-tr^-b) h'J-n-7h^ 
fy.^Ey- (ji^;i/y"fe YT-kr— b) b U— s 

ec— Xb^f> • ^y 4 (x:5 L ;i// ? -bbr-tr7 1 — b) ^ 
X b U— t— 7Y iris ■ ^y" (a^;i/yMr b/'Hr^- 
b) ^>> ^b^r^>- ex (^;i/r-tr b7tr-. 
b) s;-n-7D^^- ex (^;i/7Hrb 

>"-tr^-b) ^X i— m^y- ex 
;i/T^bT-tr^-b) ^ X y-n-7h^y- ex 
(i^l/T-fe b TMr^— b ) ^ X fy— s e c— ^ b 
^riy • ex (^JlsTthTtT— b) v— t 

-7h^> • ex (^;i/r-tr br-tr^-b) 

^yjib^rv- bUX (^^i/y"fe br-b^— b) ^ 
X ^ey— n— rDTK^iy • bUX (xWfef7t 
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f— b) i— :/n#3r>- bUJX (x^ 

;i/r-bbT-b^-b) ^ey— n— :/b*:y • b 

■J* (x^T-b b^-b^-b) ^-sec 
— rb^^>- b'J* (x3 L ;i/7-bb7 7 -b7 1 --b) ^ 
X ^y— t— rb^>' b>;* (x^UZP-bbT-b? 1 
-h) "rYv*7 {=3~)V?*l bT-b^— b) 

OP-feWW-feh*— h) bU* (x?-;i/ 
r-bb^-b^-b) ^ (7>-b^l^-bb^- 

b) tr* (x^iyr-bbr-b^-b) ^*>> b»;* 
(r-b^i/T-b b^-b) ^ey (x^r-bb^-b^ 
b) f-^vfcjrc^v*^— bfls6&; 

[0 0 2 6] bU^b^>-^^ (T-b^UT'-bb:*— 
h) vjizj-VA^ bU— n— rn^^-^ey (T-b 
^l/T-bb^-b) ^;i/H^^A. bV — i— rn#* 
$/-^y (r-feWW-feh*— h) ^;i/3x*A, b»J 
— n— ^b^V-^y iTW/UT^hf^-Y) '>Vl/3 
~£A. b'J— sec— ^h^rf> • -ty 
h*— b) S^lOX^As MJ— t— ^ b^rf> - *J 

bT* b^— b) ^z^A, ^— n— 

A, i— 7D^>- tr* (7-fe^;i>7-bb*- 
h) s;;mx»>A, S^-n— ^b*^- tT* CP-b^Vl/ 
/^Hrb^— b) i/fr^— £A, ^-sec-7b^>- 
t:* (TttJlsTthi— b) ^brJ-^A, S^-t— 
^h^>>-e^ (THr^r-feb^- b) 

a> *yxb^>- b'J* (r-b^r-bb^-b) s> 

b) ^VI/n^^A^ i-7D#*^ • 

b'j* (r*^7Hr b^— b) s^iox^a, ^y— 

n-7h^>- bV* (r-fe^l/T-bb^— b) 5Wa 
-£A, ^-sec-7h^>- bU* (7-fe^7 
•bb^-b) ^U^x^A, ^ey— t— ^b^r^>- bU 
7s b) ^;i/3^^A, ^b^^rX 

(TMr^T-b b:*— b) i^lox^A, bUxb^> 
.^y (if;i/r-bh7tf-b) ^;un-^A, bU 

_ n _7-o^>> • ^ey (x^ur-febT-feT 1 — b) 
;i/3-Ti7A, bU— i— rD^^-^ey (x^ur-b 

bT-bT 1 — b) 5^1/3 x£Z* b 0 — n — 7h^r^ • 
y (xf;i/Tth7^r- b) :y;i/3x£A> b U— s 
ec _ . ^y (i^l/^-bbr-b^-b) Vfr 

z/^^a> b v— t— rb^^y • ^y (^;^-bbr 

-b^-b) ^;p3x£A> 5?xh*i" (x^l/T 
-bbT-b^-b) ^unx^A^ i^-n-rn^^ • 
t:^ (i^UT-bbT-b^— b) S^lox^A, i 
— 7u#*i/- « fct^TMrhT^- b) 

— b) SWax^A, ^-sec-7h^/' fcf* (x 
3-)V7*z br-b^— b) £W3x£A, t— ^b* 
(x^;u7-b br-b^ 1 — b) fy;i/r7-^A, 



yxb*>" bU* (x^;u7 > -bb7'-b7 L —b) V)^ 
x^A, ^ey— n— TDtJ<^> • bU^ (xf;i/7th 
7-b^-b) ^wx^A, ^y— i— rnsjf^- b 
ij* (x^ur-bbT-b^-b) ^l/n-^As -ty— 
n— ^b*i" bV^ (x^i/^-bbT-b^— b) 
dx»)A, f;-sec-7h^>- b'JX (x^T 
-bb^-b^-b) i/Vl/rJ-^A, ^ty— t— ^b^riy- 
bU^ (xWfeb7Hrr-F) >Ml/n-T>A. ^b 

5^ (xf;i/7tb7tf-F) $;;i/n-i>A, ^ey 

(r-b^I/r-b b±— b) bU^ (x^i/T'-bb^-bT 1 
-h) fy;i/r7-^A, (T-b^l/z'-b b^— b) tT 
^ (jn^l/^-b bT'-b^—b) ^P-»)A, bU^ 

(7t^7-t?ht-h) ^y (xf;i/7th7-fef- 
h) ^i/^x^A^^iyyi/n-^A^rb— b<b^5; 

[0 0 2 7] bU* (7-b»7tht-b) 7;Kx 
>>As bU^ (x^7tb7-fer-h) T^^-^A 

[0028] i«h uT(i, mzj& mm, &t 
;i->m, T*>m, ^» 

y— u;w>8, ^u^;^ p— 
r^y^tl^s p— b;i/x>^;u^>». ^>-tf>^ 

7^;i^> ^x>»,' 
5cmi5o !RlH«4:bT«±, a 

[002 9] w^i^^UTii, trv^x t: 
n— ;k ^7^>> tTDViy>, K^yj?x tr^u 
buy^r^>> b yx^;i/7^x ^eyx^y 
— ;i/^^>, s;x^y— ;i/T^>, ^m^x^^ 
— )VTX>, ^y^^yx^y-;i/7^>, b'Jx^ 
y-;i/^^>, ^rife^^D^^x vtvkw 
D/tx vnftf^^o^v^-bx ^ b^y^;^ 

bU^A, 7k»fb*»;^A N Tfc^ibny^A, *SMb* 
;i/^^A^if^lfi>ci^^T#i>o 
[0 0 3 0] citt^M^©^^ ^il^i/-b{b^> 
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[0031] xsamvm&tt. ( i) - 
(4) ©r'o— Ta$tisa®ttai^nc#UT, 

ilft 0. 0 0 00 1-0. 0 5^;k *?£l/<&0. 
00 0 0 1-0. 0 l^l/T^^o 

[0032] (a) tmtK fc&m (i) - (4) <m 
<Dmm¥&fo?mx\ mm. 500-300, 000, 

#£L<fct 5 00-20 0, 00 0, ££iC*?£L< 
ttl, 0 0 0-1 00, 000ilT-^o 
[0 0 3 3] (A) $Lfrt¥<b (A — 1) — (A — 

4) cornet, ^±w^^mm^)^\m u^^^> 

l!l^T% (A— 4) / { C (A— 1) , (A-2) 
V/$tz& (A— 3) } + (A— 4) } #5-5 Oil 
%, $?£L<&5-4 5M%, #lc*?£L<&l 0- 
4 5M%t-$)t) {fc^U C (A— 1) > (A— 2) 
X&V/Ztdt (A— 3) D + (A— 4) = 1 0 0M 
%} , fro (A— 1) < (A— 2) . fro (A— 3) < 
(A— 2) T-fcSo 7^Q*t3^I&^£^ U^fiS 
^0IH^T% (A-4) / { C (A-l) > (A-2) 
&£Xf/Ztz\± (A-3) 3 + (A-4) } fr5M% 

p^#^i:^i)o 5 ommx^mttttyfr 

(1) - (3) ©SiORa#10 0%iIl7k^«LT 
[0034] (&] f*») 

*:^Hifc:*5V>T> 7VU3=^XXJ;i^£0. 1-5^ 

[0 0 3 5] r^n+^y^ldlfc^^^l/MAttWS 

s^yT-^^iiLtlt trxvi/b b^x>5 
X irz^byxh*J/3/7X tz;i/bU7D^> 
>^x trxvubUT'b^^x trxvM^;i/^ 

tfz> tf-;i/7*;io $/5 >JB ; 
[003 6] TV)UhV* b**X>^X TV^hU^ 

x r vjui/t Tfrx- b **x>7 x& ¥<dt u 
;i/3^>i/7>»; TT^i/Hj* b*$/5>7X ^ 



X ^xvubU^b^X^X /r^Mf^y^ 

[003 7] (3— •7#Vu*is7n&\,) bU^b* 
>>5X (3—7#Vn**/-7Ut:)],) bU^b=^> 

7>, (3-7^jD^>7DWl/) b*^ 
^5X (3-7^'Jn^>7Dtr;W ^^ztb* 
^>^x (3— 7^UD^ri/rDtr;i/) s^*-;m b 

b^s^vftfcr© (3-7^Un^7Dt:;i/) tvi> 

[0 0 3 8] W^^'JD^^) btMb**>5> 

?x y^^';o*^f;i/) bu^b^xx^x 

y^^UD^^^) b V:7D7K*>x>^X (p< 
^) hijxh^>$/7^ (2->^^UD^>xf 

bU7D^»7X (2->^^yD^>xf 
;W h'j7h^>7>> (2-^^yD^>xf 
*^;i/X* b=^x>^x (2-^^'Jd^x 

^l/) ^Wxh^>'>7>, (2-^^^'jD^> 

^f;Mh^>'>7>, (2-^^^'JD^r 

[003 9] O-^^^'jD^rD^l/) hV^f 
^y 7 >, (3— ^^^UD^>7Dt:;i/) bV^b 
**>:^X burn 

#^x>5x (3— »;D^r^>rDtr;i/) b»;^ 
ww^i/^x (3— ^^^VD^r^r 

DtMU) >?^^;^b^r^^^>^^ (3— p<^^'J 
[0040] bU^< h^7>, 

7b^»7X (X^x:;!/^^) ^^;U^b^ri> 
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[0 0 4 1] zMcotpX\ t:-;i/Hj^ h*^7 

5>> ry;i/b yxb=**> % >7>s ?T'—)UbVjlh*' 
*$/7Dt;i/) b',Mb=^»7>s (3— 7^VD+ 

b'jxh^7X (2->#^';d+'/i^) b 
y^b^^X (2-^^^'JD^>xf;i/) Ml 

^h.^^7>, (3— ^^^Un^7D^i/) by 
ih^$/7>, ^rj|/x^) 

x c^x^xtmu) h'jxh^7>> 

[0 042] T£ y ;i/»x;wMDWt:0!J: bTlix ^ 
^;i/7>*yu-k xf^UU-h, n-rn^i/ 
T^'jL/— k iso-7 , oW^'Jl/-f^ n— 7 
f;i/7^'JU- K iso-7W^'Jl/~h> se 
c — r^/W^yu— k ter-WWJl/- 
k b> ^W^Vl/- k 

^i/r^uu— K a-^/i^yi/— k j=wtz 

yi/-k t^I/T^ y I/— k KrW^Vl/- 

— k ^^s^i^y u—k ^^D^^;ur^ 
iju-k sKux^u>^yn— A'T^yu— k 2— 

T^ijU— k 2— xb^>x^;i/7^7yi/— k x: h 

^^x^v^yn— ;i^y i/— k xh^u 

xfl/>^'j3-;i/7^V U-k 

t:;ur^y k ^rntruv^yn— ;i/^y v— 
bs #yirx3\£}s>4rv3—jvy#vis—bs'2—*b 

n-;i/T^yi/-h> ^b^iPJTTafcri/^yii- 
;i/7*yu— k 2-xh^7DWI/7^ , ;u-F, 
xh^^Otl/^yU^-^'Jb-h, 

S/#ij7dku>^'J ^— /w*y u— k 
^Ub-h, 7xx;i/*;peb- ;i/r^y k 

7*yu— k 2— V*f-W^J3&)V7#*)}s— 
K 2— SAx^U?" ^ ^ xi^U/ 7 ^ y k n— tTx 

^h^bKD7;i/7y;u/'^y -rv# 
;p - y u - k ^ y -> *J)V7$ yiz-bft if o^e 
yr^y u-b&; 

[0 0 4 3] xfl/>^'j3- 



— ;i/$>7*yu— k 1, 3— 7fl/>^'J3- 
^yu-bs l, 4— r^uv^yrj— ;i/i?7^uu- 
k ^^>^;u^y3-;ui;r^y^— k 1, 6— 
^■9->^yn— ;i^r^y b— h> 2, 2— t:^ (4 

-7^ 'i D^>7*0 ^D^r'>7ixM 7D/^X 2, 
2— (4-7^ 1 JD^>«;x^y7ix;i/) 7D 

yr*yu— k by^o-^rn^vbyr^yi/ 

— k ^xU^U b— ^b'JT^y b&£f©b 

y yu-mj^x^ y b— b y 

l/-h^^rb77^V U-b^fctfPW^ti 
S« Ctl^d l«*fc(i2|U^±«RII#taffll/T* 

[0044] p<^^y ;i^x.^^;i/CD ^ttffilfc L/Ttct, 
^;M^^Ul/-h, x^M^^"Jl/-h, n— r 

k n— ^;M^^yu— k iso-7*^^ 
yu— k sec-^M^UU-K ter-7 

f^^yu- k 7^M^^';u-b> ^**>;i/ 

^fw^^yu- k 
^yi/-b, yx;M^^yu-h> 7^>;M*^y 

U— k Kr^M^^'Jl/- k T^b^iWM^ 
iJV— bs '^M^^M^^yi/— bs *99t*sJU 
jt^yu— k 5/^n^s^;M^^yi/— k 2— 
xf;K^M^^yU-h> 2— t KD^ri/xi^;i/ 

^^^yi/-h, s?x^u>jry3-;M^^yu- 

k 7^yai^U>yy 3— ;M^^y b> 2— ^ b 
*S/xf;M^^yu- k ^h^xfl/>^jD 

-;i/^^yi/-h> ^^^yxfi/>^yn-;i/ 
^^^yi/-K 2— xh^>x.^;M*#y k 
x;b^>^xi^U>^y3— ;M^^y k xb* 
i/^yxf-l/^y 'J b> 2-tFD 

^7Dt;M^^'J U— bs y7*Dh:i/>^yn-;i/ 

*#&vis—b, ^yrDti/>^y^-;M^^yu 

^rDtru>>/yrj— ;M^^y i/— b. ^ 
rntru^^yn— ;M^^y u— bs 2— xf^r 
DW^^ui/™ b> xh^>^7ot:i/>^y3- 
;M^^yw— bs xh^yrDi;u>yy3- ^ 

^^^ijl/- bs i>i?)]/**& 'J b— bs 
;i/tfb— ;M**y u— k yx;i/7xx;M^^Ui/ 
— k yx;i/7ix^*;i/tb- ;M**y U— k 2 
— y^^7^x^;M^^U I/— bs 2—^x^1/ 

^xi^VM^y U— bs rb7tHD7;i/7'J;M^ 
*yu— k V^x^^^yu- bs 9V*s 9 J1U 

[004 5] x:^L/>^yrJ— ;i/^^^yi/- bs ^ 

xfi/>^yj- ;w^^yi/- bs #yx^i/>^ 
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U-K 1, 3-7fl/>^^-^^^^Ul/- 
K i, 4— :7^l/>^y:3-;i/:^*^y U—K * 

^>^;i/^';^-^^^^ i ;u— k l, 6—^* 
irv^yn-^^^'ji'-K 2, 2— (4— 

^^yi/-h&; b U^^-D— ;i/x^>h i;a:*^y 
[0 0 4 6] JWWBfcfc^T, ?)\s^**si' y ))V8&M 

m^z®f&*%£*s'*-^ 0. 1-10 

*?£L<£0. i-8^e;i/%©M^Tf***t 
< ft MM^iWWi: bT*?£ b < 
[0047] &^$(DmttJ%ffi$M}£& rC, ( B) 

IB (A) L^tr-i«4 , Jc#St§ - 

[0 0 4 8] «rat*5^T, T^yu— b3R 

^*;i/Mi^e^-£4 o^i^t&S^Ltu 

& ^^^y;i«ftir©^iafD*^>ft" n, n— v 
^i/T^y^r* h\ N, w—*j*f-fr*##*))VT 
x Kftiro^siPT'^ Ks y d- h y^i/ftif^fia 
ft]-by;k ^;i/tfx;i/^b>ftttz>?S^^b>, 

[0 0 4 9] WHBfcfc^T, 
-2 00, 000, »Sb<ttl, 000-50, 00 

[0 0 5 0] £fc> *«Wfc*V\T, M*) 
U<ii9-1 3T-$)5o SPfI#<ltf>®S£&3£> ft 
^OfflKttMXjP'M^ (<10nnu BJH&) 

[0 0 5 1]#&BJtf) (B) (^^) 7^'JU-M1 

mm 1 2wt©ww^ y h#J:w/ 

* * y u- h * 5 0 ^e;i/%w±^trc 
UOo (B) (^^) ^yu-b^fi^wtb-c, C 



[0 0 5 2] (B) 7*yi/-b*ffi£tt<0ffi 
fflfili, (A) fifcfr (^JODTK^^^feW) 1 0 0 
fiSffltWU «R l-8 0®£gB> «F£L<fcJ:5- 

6 5iiW§c iaasB*»rett. «s*£~r« 

[0053] J£L®£ 

(A) fi&M3J;V (B) 

(^*) 7^ui/-h^i^ ; (C) ;i/ 

ai^y— ;k n— 7*nyv— M i— :Tn>V— n 
— ^ / — M J — M s e c— 7* V — M 

;l/> 2— ^^l/^y— M sec-A^y-M t 
M 2— )W sec — <7#J—)W ^ 

7*y-)u—3, n—***;—)^ 2—^)u^*y~ 
)Uy 2, 6— i/^^^y-;w-4 x n— — 

;K s e c— *? l/^i/frT^—fr, h 'J ^ — ;U 
•DUp—M s e c— ^ h ^^^^^l/n—^K sec 

y— m ^>;^>^n^ify— ;k 3, 3, 5— by 

[0 0 5 4] xfi/>^«ja- M 1, 2— rotrb> 
^y=j-;K 1, 3— 7fl/>^'J3- M ^>^>^ 

— 2 , 4. 2— y^;i/^>^>^-;i^-2, 
4 N ;i^2, 5. ^y#>i/*—)u— 

2, 4, 2^ 3-3-)V^*cV>i'*—)\r- 1, 3, v^-f" 

></yn— ;k hyroeu^ya- ;i/ft*r©^<ir 

[0 0 5 5] xfi/>^ya- ;i^ey/^;^— 
ai^u>^yn— xfu>^>j 
^-Myrowi/x-fM x^u>^y=3— ;i^ey 

-7^;^ x^l/>^U 3-;i^eyA^i/;i/x- 

u>^yn— ;i/^ey— 2— x^-;u^;i/x— t^k ^x 
f 1/ >^ V 3-;i^ey ;i/x-r;K p=&-u>py 
3-H^xf;i/x-rJk S/x^u>^y 



(II) 



*S82 0 0 1— 2 9 



;l/:c _^, K i; 7d ^ 1/ y ^ »J 3 -;i^e / ^ ^x--r 
/k yrnKl/>^'J3- ;i^eyx^-;i/x— t 1 ;!/, i/7 
□ t: i/ >^ U r? — y 7"d t:;i/x— tVI/& ¥<D%mr 

[0 0 5 6] cn^7;i/3-;W5^ n -7D/v- 

i— td/v-;k n— ^y-;k i— 

i — *>*y— ;k 2— *3->\sf$J— m s 

n-^^y-^ 2— trnsofj— 
jw sec-AW-;K 2— x^r^y-M r 

g zi—)^; x^;i/x— 5vw 7d tru >^ U 

[0 0 5 7] *b UTfcfc, 7th>> 

n— ^^rhk i?x&JWh>* 7* 
;i/^b>> /Wl^-n— ^>WP^h>. x^-;i^-n— 

x ^i^^D^t;X 2, 4 

X 7x>^3X fcttaffc T^fvU/TMr b>\ 2, 
4 _^v^1f>^7t-X 2, 4—^r^>^>, 3, 5 
-\7^>^X 2, 4-*^*>^*>s 3, 5— 
*99>*J*>* 2, 4-y^>^X 3, 5-yi- 

5— y^;L— 2, 4— ^^1f>^X 2, 
2, 6, 6-^h^^-3, 5— 'V7*>5>*>, 
1, 1, 1, 5, 5, S-^^MfrO— 2, 4-^ 

[0 0 5 8] HJRjBKi: bTtt, N 
-^fMM7^K, N, N-^^^l/*;^7; 
K> N -i^^;i,A7; b\ N, N— ^x^;u*;UA 

7-feb:P£b\ N— ^JUT^hTlY\ N, 
N— ^ ;* f-)V7iz YTl b\ N— x^PT-febT 7 ^ b\ 

Ks n— y^-;i/t:D>; Fx N-*;i^ U 

[0 0 5 9] ^XTfrJm&t UTfcL yxf;i/ij-^ 



-Mi/D7^hX B»n— rntTM H&i— /DK 
M Mn-Wk 

Bftn— ^>?-;k St&s e c^^>^K ftfi 
3— ^b^ri'^k it^^l^V^k 1^2— x 
f;i/^ v H2-x^i/M 
M^D'vtS'Jk Bifc>WI>5'*D'v*3/;k 
n— 7-feHWbWk 7-feMMxf-M ft 
ixf i/>^U ^f^x-T;K It&x^lx 
;ireyxf;i/x- r-;k Bt&^x^uy^y 
3-;i^y^^x- Myxfb>^'jn-Jl/ 
f;xfjl/x-riK g^yx^i/^ijn-^y- 
n— y^ux—TVi/, e^rntrb>^v^-;i^eyy 
^i/x—r-M g^rntruv^Un— ;i^eyx^;ux 

rntri/y^un— ;i^eyx^;px— ^iw^y 

77k 7DW>Bn-7f;k 7D^>ii-7^ 
;k *>a.£&^x?7k ^^m^—n—y^W %M 

;k 7D>i^x^;w 7#Mkt?jif'M y^)\^kv 

*5V«2»^±*lqIB*t:«ffll/T*«fcV>o 

(C) «KtiU lSfeStM±2iiai:S?g^LTttffl-r 
[0 060] tt&s ( C) l/t> T)V^-)\s?m 

[0 06 1] *^©!W^J56fflffifiBBW±, ±13© (C) 

^K^^rrs^ (a) J5j^*«tew-s^b^i d) 
[0 06 2] iMicit (a) f&fr*m&i-z>it&m 

(1) - (3) ^^^^®^^7K^fe(i±IB 
(C) ^+^^Lfc**K«WfeSi^a:jilfi»t:» 
SD-TSo CCE)K> tt^tt, ^^CW^iaLT^^T 

l^T*«fcOo -®ITO®t>^i:UTii> jl^ 0-1 

0 0 B a $f*b<(il 5-9 0°CT$)So 
[ 0 0 6 3 ] J^fflOSffl 

1 0-2 0m^ @ff^i^* 5 l 0-4 0Sm%^© 



(12) 



$#§12 0 0 1 — 2 9 9 



[0 0 6 4] no-f Ktt7;i/^fcbTfck BSfb¥X 
H (ft) »©r;i/5^/;i/5 2 0, foil 0 0, H2 0 

[0 0 6 5] Bm5SSffl6^^£S 

& (C) (A) ^«tt*r*<b£tt (1) 

- (3) fcitf (B) fi£££ig£-bT, 7fc£iS»»*fc 
ttWW&fcaStabT, AQzk#£f U ftai^im^ J; < > «f 

[0 0 6 6] *^©ffl^©83tt^^om^k bT 

<D (A) rtt»*«lfiW*flsA«i (1) - (3) , *5*tf 
(C) fif^S©7k*AD^.Tx in 

tK#8? • ilfc^fafcfT^fc©^ (B) f&fr£il£-b£ 

0 (A) fm*mftt%fti&to (1) - (3) tJcfcV 
(C) flf^<z>***KW&5 

(b) rt**«*b*6Wia*flii • ns^fijfafc 

(3)(A)^«tSM(D-(3)> (B) 
fiS^fetfclf (C) ptf^fiOzkS: 

3> (A) rt»*«WW-*fl3*« (1) - (3) , (B) 
tfft&Xtf (C) fllr^fiO** 

[0 0 6 7] C©J:atbTf#&ttS*^«)ffl^»W) 
*BR»WB4, #*b<fc 2-3 0SS%T-&!K 

(W2-3-0MXT»ftt M»DllW*«aft«H 
(C) ^fc££^CcfcoT*Tfcft5o £fc> *«w 

j£bfc«^ *©*fb¥# l o %WF*re&&o 
[0 0 6 8] *^®»^*fflv^TK*J^-r*k: 



So *«Wct)fflfiJ»!ltt, »^>y3>>>x;\ SiO. 

sckt^abri^o 

[006 9] s&am/siibT, mm 

ST-JI2 0. 0 5-1. 5//mim 2@^T-tiJ¥£ 
0. l-3um^VWmZKMtZ>ZtftT:^Z>o B 
&i-ZWBM0)&2l& 0. 2-2 O/zmT^So 

c:©l^)/)i^?£kbTi±. **h:7V-K 

T^ ^a^^n>hD-;i/b^:^ET^^fT^^c: 

<D±ia (B) m^(^mmm^(Dm^tm^x . 

(A) fiS#&-»Wb;*-e\ ftwc±JB (B) imoft 
<DmW)h1rZ>l5^ ©±13 (B) fiS^D^^tU: 

[0 0 7 0] ±S3© (A) fiJE^BMbaSEfc 

(B) ««Wt5f:«), «fc*l5T, 

©pgwt^bfeo, mm, im* «ee&#z># 
H««a*?t-s^k* $ -c&So mm, (b) &%<d5M 

Sft& iMT, 2 00-4 50*C, *?£b<&2 0 0- 
3 5 0°CT*$>i>^T% ^SI(i^-^C(±<rO^U±^ 

[007 1] C^ct^lCbTff^n^^^^^^b 
^Ji, «aS£*5, Btt, 0. 3 5-1. 2g/ci 
*f*b<tt0. 4-1. lg/cifi, $^tffJl/< 
iiO. 5-1. 0g/ciliT-$)i)o 0. 3 5g/cm 
'5H«Ttt> MSI©«^^^i£TU -£,1.2 

(B) iBS4W)^W*tJ:!3^ SJStrai-r^Ck^Tt 
[ 0 0 7 2 ] £ *«M©fif»S<bWi, B J H}£ 

Z0m&*<D9MfflU&, (B) 

[0 0 7 3] $ e»lc, *«W©fi«»blKli, RSWctt* 5 
ttl^fc«»*#U fck^«, 1 2 7 C C, 2 . 

5atm, 1 00%RH> ©WWfc: 1 B*WSe bfc» 

^flM^ffle^^^^ (a— 4) im<D^mm&*mi 



(13) 



£fH2 0 0 1—2 9 



[ 0 0 7 4 ] £ t> £, *«M©ffi*SYbl»OBW*tt, 
tK 2 - 6-1. 2, »*L/<tt 

2. 5-1. 2, ££>»?£L<&2. 4-1. 2T* 

(B) ^^^ftfc«fcDWH1"*£fc#"C£5o 
[0 0 7 5] WttW> *g&£tcflS*u g# 

LSI. S/^ALSI, 
DRAM, SDRAM, RDRAM, D — RDRAM& 

[007 6] 

imam] MTs 4^zmm*mfT2 btzami 
[0077] hmi 

(B) t**) 7* U 1/ — h^Sl^to« ; 1 0 

3 2g, 3— (hU;* b*S^>U;i/) /DW^'J 
^-M. 6 8g, 7W*<iV7m-YVfr (A I 
BN) 0. 33g, 2— ^Whx^y-;i/0, 2 0 

g^^rD^i/^^^i/fy^fji/x^i/S o 

0 0, Sfi¥^^?m* s 9 , 0 0 OT-fe^L £fc> S 
PmVstWMte 9 . 3fl)ofco 
[007 8] K&H2 

(B) (^^) — b^S^»CDfflSfi;-tI^M 

mfcfcUT, ^VW^'Jl/-H8. 3 2g 

8. 3 2 g^il«i«^^fT^ Wd:^ 'i v 
— Sftj&WfctLfco GPC^#U;*^l'>»»D 3 FJ$£' 
^fiSfflUTTS^ &¥i9^FS#8, 4 0 0, M¥ 
J$?3^S#18, lOOT^Co SP<Itf)ft^ 
{I&10. 8t-feof; 0 

[0 0 7 9] Higftl3 

(B) V hZkmGttWffi&l ; ±J3§&£ 

«lfc*J^T, ^V^^yi/rH8. 3 2g 

8. 3 2g*ffl^fcfl^l^®li^^^^ 1 ^ 

*&*m&tzts s, ooo, M¥ 

J9$H*6*8, 6 0 0Tfeofco SPflOfj-JIft 
til 2. 6T^of; a 



[0080] fgtfiMl 

^;PHJ^b*^>7>2 4 3. 6g (^JOtKt^? 
fi££«*y?: 12 0. Og) , 1, 2— tT* (h'Jxh 
*3/^y;W :c*>2 14. 5 g (^iQTKT^ffi^) 
SS: 8 0. Og) , WkmmWtD (B) J^2 6 
9. 2g (W$#^§S: 4 0%) , 7Dt:i/>>7>Jn 
— ;i/^ey rntr;uoi— 5 5 9. 3 g, ^;i^-n— 
^>^;i/^rb>2 3 9. 7g0im^ VW>8 
1. Og OB^/SiOR'=0. OOlmollt) * 
7jcl5 7. 7g (H« O/SiOR'^l. Omol 

CD*>, MET-t-±^a 1,0 00 g ttzz 
nyc^tl^8^>^^y^>^^^±^^>^--^ 
2 oo°cxs frmm^tz<D*>, $£fc«rrc3 4b 

°C, 3 6 0°C, 3 8 0°C©)liT^n-e*L3 O^fOjfjD 

*&u ^e>i^^T4 2 5°ct* mp«u m&mrn 

[0 0 8 l]aBffiUUS2Bfl 

1. 

*«Wk:i3Jt S 8 0ml £gg 1 0 0 m 

u-r+i? i *j§#hl&o immm>^zr)^ 2 5 

0 0 r p m 3 1 t>3- U JUESI 

ffl^n itm<Dij^i^\srz^mz*^3^& 

(Rudolph Technologies^ S 
pectraLaser20 0) CtlKU ^<D$Hk 

mm) /i&mu<DV>7')U0mmi x 1 0 0} 

O : «HJP£ft#s< 1 0% 

x :smm&* 1 0% 
[008 2] 2. mmm 

m ntzmztt i/taarafc* $ tjv ^ =• 0 ^wm; 

>r;u^/^^i OOkHz^^re, *t«- ta- 
hy^y^b-H (tt) Sk HP 1 6 4 5 IB^HiDJ; 
OTP 4 2 8 4 A71/i/ya>LCR^-^»^C 

[0083] 3. flM^S 

4. UL^ 

f#6tLfcfflfb%l<3DaifL^*^ COULTERS O 
MNISORP 100/360 SERIES?:ffll> 



*8§g2 0 0 1—2 9 9 3 



0:10 nmM±<DfflL&&ti)t>tlb^o 
x : 1 0 nm&±<Dffl}L&&ti)t>ftZ>o 
[0 0 8 4] 5. mfr 

tZo 

6. PJkfcfS 

^^tLfe^^l 2 7°C> 2. 5atnu 100%R 

Ut\ 3 , 5 0 0 cm-'ttacH. 0£«B-r*i»iK<Z> 

0:"MS$&b 
x :qSA2#^ 

[008 5] 7. CMP^ti 
Wm&jJ : 3 0 0g/cm' 

wmm. 6o# 

0:£<bfcb 

x : £xm&tto 

[008 6] mm2 

mmm i tustr vc, ( b > bTsagflj 2 tia®© 

HflS#l3 

uss^i 1 t*>v vc* ( b ) Lxmmm 3 ttmv 
[0087] $mm4 

rh7^h+y^7>50. 7g (^^JDtK^P^ 
$tf&H:2 0. 0g)\ ^f;i/hU^b^y7>16 
2. 4g (^D*^«»6««« : 80. Og), y 

\>*i/*>?>3 2. 4 g (^±&07j<#8¥l&£ 

Wig: 2 0. Og), 1, 2 — tT* (hV^b^ri/>> 

^*>2 3 0. 5g (^±^ipmms^Jim : 
8 0. OgK fixSmSBti® (B) f&frl 6 6. 7g 

mw^mm.'. 40%) > rotruv^i/n-^y- 

^^l/x-r;i/7 9 8. 9gO)^^^ ^M>i 
1. lg fflWK/SiOR' =0. OOlmolit) £ 
7K17 1. 3g (H:0/SiOR l = l. Omol 
it) t*ipbfc7lc^%SiBTlli#K*<tT8rFLfco 
«-&«&C!)arR»7& 2 £ tc 6 0 0 C"e 2 H$lfflEf&£ itit 
<Dh, «EFPe±flS«l, 00Og££6£T«f£ 

u • Hra#g*rft 2 0 %©i^^ffl«j5^*f#fco 

[0088] ff 6ft&HfiEft& 8 -f >^S/ y n 
±t^t:>3-hi£t:«k»3»6U *^*8 0°C-t:5# 



Ms ^X^MT2Q 0°CX S^mmLtz<Oh, 
Cg£TT*3 4 0°a 3 6 0°a 3 8 0 "CflDH-C-ttL-f 
*,3 OfrffiTotmU 2 *> £M£T4 2 5 e CT- 1 

fgffimfcl^W^bfco Jglfc£ill t^To 
[0 08 9] H^5 
rh7^ b^>->v5>l 0 1 . 3 g (^±nwk^mm 
&ti!J&m:40. Og). *3-)l<hV*h*ri'i'^>2 
0 3. Og (^JQtK^MI^^^ : 10 0. 0 

g)> i, 2— tr* (huxh^»u;i/) i^>i 6 

0. 9 g (^J07K^^^«W : 6 0. 0 g) . 
ii^ll3«© (B)fi&M6 6. 7g(@Jfc#g*a: 
4 0%) > 7D KI/>^»J 7D Wl/x-f;i/ 
7 8 3. 2g, 5>— i— 7D^y«^ (ai^;i/^-fe 
bTMz^-b) ^*>1. 7g (#$£/SiOR' = 
0. 0 0 4molit) C0fM^^^7K17 7. 5g 
(Hi O/S i OR 1 = 1 . Omo 1J£) £6 0°CjbDiM 

Tx-mmt^fxwrbrzo m^mcDmTmrm, 

lz 6 0°CT- 2 B$«^tt0^ rHr^r-fe> > 1 
oo. og^nx., »BETT?±*»*1, 0 0 

0 g fcfc * s-ewsu wm&mvl 2 o xcDrnttm 
mm^mzo 

[0090] ff ^titzmm^s^ 

±fc*lf>3-hi£fc<fc&»1iU ;*M*8 0°CT-5# 

r& m^xmmT 2 oo°cx s frmmLtzco^ $z 

^^TT"3 4 0°a 3 6 0°a 3 8 0*C<Dffi?*tl* 

ti3 ofrfsiToimu $ t>\zm%.T4 2 s°cx i mm 
mmmi ttmt&mistzo &%k*mx^-to 

[0 0 9 1] JtKWl 

nmmiic&^x, mmmuzHMv cb) j^^oot 
u*i>w*Hfc mmitmmtvxfflmzwmu 
mmizm^LtumLx, m&M&xjto nzntzmvm 
m*. mm \ twm^x^tzo mm^iiz^ 

to 

[009 2] &MM2 

^T-frV*)* h^^fy^>4 0 5. 9g &±1)Wkftffi 

m&vmn: 200. og) , mmwitmw (b) & 
#214. 3g mmft^m: 4 0%) . rntl/> 
=7— ;i^ey ^;u7 9 9.0 g^rl^^S 

-7W>11. Og (M/SiOR' = 0. 00 

1 mo lit) 16 1. lg (H^O/SiOR 1 = 

1 . 0 m o 1 it) bfek^^^T- 1 WBB*» 

T^T bAco S^»©SrF»7«, ^ & fc: 6 0 °CT- 2 B$ 
HKJte$*fc©^ «EETT±««S 1 , OOOgi:* 
££T!«teU ^^Wffl2 0%OJWIgBRfflffla«!l% 

fffeo » ^tirzfmm^s^>^i^vzi>o^±^ 

^T-^T2 0 0 e CT-5^^jffi^bfe©^ ^^^^ 
TT-3 4 0°C, 3 6 0°a 3 8 O°C0JBlT^^n3 0 



(15) 



$#HS2 0 0 1—2 9 



[0093] tmm3 

fmiiizt&rz* mmmiKimo (b) mazm 



2 0,000) *ffiffl1-SW*H±, SSfi^yiilfnl^tcb 

[0 0 9 4] 
[HI] 





1 




mmm 




1 

-1 


mm 






-1 — 
1 1 


1 2 


1 3 


1 4 


1 5 


1 1 


1 2 


1 3 




IO 


IO 


IO 


IO 


IO 


IO 


10 


IO 


mm* 


12.3 


12.3 


1 2.2 


12.4 


12.4 


I 3.0 


1 2.3 


12.5 


(g/crf) 1 1.1 


11.1 


11.0 


1 1.2 


11.2 


11.7 


11.1 


11.3 




IO 


IO 


IO 


IO 


IO 


IO 


IO 


1 x 


(GPa) 


14.1 


|4.0 


1 3.8 


|4.9 


14.3 


19.5 


11.8 


13.8 1 




IO 


IO 


IO 


IO 


IO 


IO 


IO 


IO 1 


CMPftt 


IO 


IO 


IO 


IO 


IO 


IO 


1 x 


IA I 



[0 09 5] 



(72)^# oje am 

JtOiCSWffeE^fe^T □ 1 1 #24^ 



(72)^# mm m¥ 

F^— A(##) 4J002 BG042 BG052 BG062 BG072 
CD 192 CP051 EC036 EC046 
EE036 EE046 EH006 EH036 
EH146 EH156 EL066 EL086 
EP016 EU026 EU076 EU236 
FD310 GHOO GPOO GQ01 
GQ05 

4J038 CG142 CH032 CH042 CL002 
DL021 DL031 GA15 JC32 
KA06 NA21 PA19 PB09 



